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1 Introduction 

The HARP experiment arose from the realization that the inclusive differential cross-sections of 
hadron production in the interactions of few GeV/c protons with nuclei were known only within 
a factor of two to three, while more precise cross-sections are in demand for several reasons. 

The 'neutrino factory' (see Ref. [1] and further references cited therein) is a serious con- 
tender for a future accelerator facility that addresses fundamental questions on neutrino oscilla- 
tions. One of the neutrino factory's many technological challenges is the production of charged 
pions with sufficient intensity to achieve the required particle fluxes in the decay chain pions — > 
muons — > neutrinos. It is imperative that pion production cross-sections are under control. 

Primarily with a view to the optimization of the design parameters of the proton driver of 
a neutrino factory, but also to the understanding of the underlying physics and the modelling 
of Monte Carlo generators of hadron-nucleus collisions, to flux predictions for conventional 
neutrino beams, and to more precise calculations of the atmospheric neutrino flux, the HARP 
experiment was designed to carry out a programme of systematic and precise (i.e., at the few 
per cent level) measurements of hadron production by protons and pions with momenta from 
1.5 to 15 GeV/c, on a variety of target nuclei. A central goal were precise cross-sections of tt"^ 
and 7r production on the heavy nuclei tantalum and lead. 

The HARP detector combined a forward spectrometer with a large- angle spectrometer. The 
latter comprised a cylindrical Time Projection Chamber (TPC) around the target and an array 
of Resistive Plate Chambers (RPCs) that surrounded the TPC. The purpose of the TPC was 
track reconstruction and particle identification by dE/dx. The purpose of the RPCs was to 
complement the particle identification by time of flight. 

The HARP experiment took data at the CERN Proton Synchrotron in 2001 and 2002. 

This is the fifth of a series of cross-section papers with results from the HARP experiment. 
In the first paper, Ref. [2], we described the detector characteristics and our analysis algorithms, 
on the example of +8.9 GeV/c and —8.0 GeV/c beams impinging on a 5% A^t Be target. The 
second paper [3] presented results for all beam momenta from this Be target. The third [4] 
and the fourth [5] paper, respectively, presented results from the interactions with a 5% Aint 
tantalum and copper target. In this paper, we report on the large-angle production (polar angle 
9 in the range 20° < 9 < 125°) of secondary protons and charged pions, and of deuterons, in 
the interactions with a 5% Ajnt lead target of protons and pions with beam momenta of ±3.0, 
±5.0, ±8.0, ±12.0, and ±15.0 GeV/c. 

Our work involves only the HARP large-angle spectrometer. 

2 The T9 proton and pion beams, and the target 

The protons and pions were delivered by the T9 beam line in the East Hall of CERN's Pro- 
ton Synchrotron. This beam line supports beam momenta between 1.5 and 15 GeV/c, with a 
momentum bite Ap/p ~ 1%. 

The beam instrumentation, the definition of the beam particle trajectory, the cuts to select 
'good' beam particles, and the muon and electron contaminations of the particle beams, are the 
same as described, e.g., in Ref. [5]. 

The target was a disc made of high-purity (99.99%) lead, with a radius of 15.1 mm and a 
thickness of 8.45 mm (5% A^t). A target density of 1 1.35 g/cm^ was used for the cross-section 
normalization. 

The finite thickness of the target leads to a small attenuation of the number of incident beam 
particles. The attenuation factor is /att — 0.975. 
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The size of the beam spot at the position of the target was several millimetres in diameter, 
determined by the setting of the beam optics and by multiple scattering. The nominal beam 
position^) was at Xbeam = J/boam = 0, however, excursions by several millimetres could occur^\ 
A loose fiducial cut V^beajiT+^beain < mm ensured full beam acceptance. 

3 Performance of the HARP large-angle detectors 

Our calibration work on the HARP TPC and RPCs is described in detail in Refs. [6] and [7], and 
in references cited therein. In particular, we recall that static and dynamic TPC track distortions 
up to 10 mm have been corrected to better than 300 /xm. TPC track distortions do not affect the 
precision of our cross-section measurements. 

The resolution a{l/pT) is typically 0.2 (GeV/c)~^ and worsens towards small relative par- 
ticle velocity P and small polar angle 9. 

The absolute momentum scale is determined to be correct to better than 2%, both for posi- 
tively and negatively charged particles. 

The polar angle 9 is measured in the TPC with a resolution of ~9 mrad, for a representative 
angle of 6* = 60°. To this a multiple scattering error has to be added which is on the average 
~8 mrad for a proton with px = 500 MeV/c in the TPC gas and 9 — 60°, and ~5 mrad for a 
pion with the same characteristics. The polar-angle scale is correct to better than 2 mrad. 

The TPC measures dE/dx with a resolution of 16% for a track length of 300 mm. 

The intrinsic efficiency of the RPCs that surround the TPC is better than 98%. 

The intrinsic time resolution of the RPCs is 127 ps and the system time-of-flight resolution 
(that includes the jitter of the arrival time of the beam particle at the target) is 175 ps. 

To separate measured particles into species, we assign on the basis of dE/dx and P to 
each particle a probability of being a proton, a pion (muon), or an electron, respectively. The 
probabilities add up to unity, so that the number of particles is conserved. These probabilities 
are used for weighting when entering tracks into plots or tables. 

4 Monte Carlo simulation 

We used the Geant4 tool kit [8] for the simulation of the HARP large-angle spectrometer. 

Geant4's QGSP_BIC physics list provided us with reasonably realistic spectra of secon- 
daries from incoming beam protons with momentum less than 12 GeV/c. For the secondaries 
from beam protons at 12 and 15 GeV/c momentum, and from beam pions at all momenta, we 
found the standard physics lists of Geant4 unsuitable [9]. 

To overcome this problem, we built our own HARP CDP physics list for the production of 
secondaries from incoming beam pions. It starts from Geant4's standard QBBC physics list, 
but the Quark-Gluon String Model is replaced by the FRITIOF string fragmentation model for 
kinetic energy E > 6 GeV; for £■ < 6 GeV, the Bertini Cascade is used for pions, and the 
Binary Cascade for protons; elastic and quasi-elastic scattering is disabled. Examples of the 
good performance of the HARP CDP physics list are given in Ref. [9]. 

^^A right-handed Cartesian and/or spherical polar coordinate system is employed; the z axis coincides with 
the beam line, with +z pointing downstream; the coordinate origin is at the upstream end of the lead target, 
500 nam downstream of the TPC's pad plane; looking downstream, the +x coordinate points to the left and the +y 
coordinate points up; the polar angle is the angle with respect to the +z axis. 

^^The only relevant issue is that the trajectory of each individual beam particle is known, whether shifted or not, 
and therefore the amount of matter to be traversed by the secondary hadrons. 
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5 Systematic errors 

The systematic uncertainty of our inclusive cross-sections is at the few-per-cent level, from 
errors in the normalization, in the momentum measurement, in particle identification, and in the 
corrections applied to the data. 

The systematic error of the absolute flux normalization is in general 2%. This error arises 
from uncertainties in the target thickness, in the contribution of large-angle scattering of beam 
particles, in the attenuation of beam particles in the target, and in the subtraction of the muon and 
electron contaminations of the beam. Another contribution comes from the removal of events 
with an abnormally large number of TPC hits^-*. In the case of the lead target, we increased for 
reasons of uncertainties on the target shape the normalization uncertainty to 3%. 

The systematic error of the track finding efficiency is taken as 1% which reflects differences 
between results from different persons who conducted eyeball scans. We also take the statis- 
tical errors of the parameters of a fit to scan results as systematic error into account [2]. The 
systematic error of the correction for losses from the requirement of at least 10 TPC clusters per 
track is taken as 20% of the correction which itself is in the range of 5% to 30%. This estimate 
arose from differences between the four TPC sectors that were used in our analysis, and from 
the observed variations with time. 

The systematic error of the pt scale is taken as 2% as discussed in Ref. [6]. For the data 
from the +12 GeV/c and +15 GeV/c beams, this error was doubled to account for a larger than 
usual uncertainty of the correction for dynamic TPC track distortions. 

The systematic errors of the proton, pion, and electron abundances are taken as 10%. We 
stress that errors on abundances only lead to cross-section errors in case of a strong overlap of 
the resolution functions of both identification variables, dE/dx and p. The systematic error of 
the correction for migration, absorption of secondary protons and pions in materials, and for 
pion decay into muons, is taken as 20% of the correction, or 1% of the cross-section, whichever 
is larger. These estimates reflect our experience with remanent differences between data and 
Monte Carlo simulations after weighting Monte Carlo events with smooth functions with a 
view to reproducing the data simultaneously in several variables in the best possible way. 

All systematic errors are propagated into the momentum spectra of secondaries and then 
added in quadrature. 



6 Cross-section results 



In Tables A.l -A.45 collated in the Appendix of this paper, we give the double-differential in- 
clusive cross-sections d'^a/dpd^l for various combinations of incoming beam particle and sec- 
ondary particle, including statistical and systematic errors. In each bin, the average momentum 
at the vertex and the average polar angle are also given. 

The data of Tables |All^A45] are available in ASCII format in Ref. [10]. 

Some bins in the tables are empty. Cross-sections are only given if the total error is not 
larger than the cross-section itself. Since our track reconstruction algorithm is optimized for 
tracks with above ~70 MeV/c in the TPC volume, we do not give cross-sections from tracks 
with pt below this value. Because of the absorption of slow protons in the material between the 
vertex and the TPC gas, and with a view to keeping the correction for absorption losses below 
30%, cross-sections from protons are limited top > 450 MeV/c at the interaction vertex. Proton 
cross-sections are also not given if a 10% error on the proton energy loss in materials between 



^^In less than 0.5% of the number of good events, because of apparatus malfunction, the number of TPC hits 
was much larger than possible for a physics event. Such events were considered unphysical and eliminated. 
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the interaction vertex and the TPC volume leads to a momentum change larger than 2%. Since 
the proton energy loss is large in the lead target, particularly at polar angles close to 90 degrees, 
the latter condition imposes significant restrictions. Pion cross-sections are not given if pions 
are separated from protons by less than twice the time-of-flight resolution. 

The large errors and/or absence of results from the +12 GeV/c and +15 GeV/c pion beams 
are caused by scarce statistics because the beam composition was dominated by protons. 

We present in Figs. [T] to |7] what we consider salient features of our cross-sections. 

Figure [T] shows the inclusive cross-sections of the production of protons, tt+'s, and tt^'s, 
from incoming protons between 3 GeV/c and 15 GeV/c momentum, as a function of their 
charge-signed p^. The data refer to the polar-angle range 20° < 9 < 30°. Figures |2] and |3] show 
the same for incoming tt+'s and tt^'s. 

Figure |4] shows the inclusive cross-sections of the production of protons, vr+'s, and tt^'s, 
from incoming protons between 3 GeV/c and 15 GeV/c momentum, this time as a function of 
their charge-signed polar angle 9. The data refer to the range 0.24 < < 0.30 GeV/c. 
In this range pions populate nearly all polar angles, whereas protons are absorbed at large 
polar angle and thus escape measurement. Figures |5] and |6] show the same for incoming tt+'s 
and TT^'s. 

In Fig. [t} we present the inclusive cross-sections of the production of secondary tt+'s and 
7r~'s, integrated over the momentum range 0.2 < p < 1.0 GeV/c and the polar- angle range 
30° < 9 < 90° in the forward hemisphere, as a function of the beam momentum. 
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Fig. 1: Inclusive cross-sections of the production of secondary protons, 7r"'"'s, and 7r~'s, by protons on 
lead nuclei, in the polar-angle range 20° < 9 < 30°, for different proton beam momenta, as a function 
of the charge-signed of the secondaries; the shown errors are total errors. 
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Fig. 2: Inclusive cross-sections of the production of secondary protons, tt+'s, and 7r~'s, by 7r"'"'s on lead 
nuclei, in the polar-angle range 20° < < 30°, for different tt"*" beam momenta, as a function of the 
charge-signed of the secondaries; the shown errors are total errors. 
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Fig. 3: Inclusive cross-sections of the production of secondary protons, 7r"'"'s, and 7r~'s, by 7r~'s on lead 
nuclei, in the polar-angle range 20° < 9 < 30°, for different tt" beam momenta, as a function of the 
charge-signed pt of the secondaries; the shown errors are total errors. 
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Fig. 4: Inclusive cross-sections of the production of secondary protons, 7r"'"'s, and 7r~'s, with in the 
range 0.24—0.30 GeV/c, by protons on lead nuclei, for different proton beam momenta, as a function of 
the charge-signed polar angle 9 of the secondaries; the shown errors are total errors. 
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Fig. 5: Inclusive cross-sections of the production of secondary protons, tt+'s, and 7r~'s, with in the 
range 0.24-0.30 GeV/c, by tt+'s on lead nuclei, for different tt"*" beam momenta, as a function of the 
charge-signed polar angle 6 of the secondaries; the shown errors are total errors. 
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Fig. 6: Inclusive cross-sections of the production of secondary protons, 7r"'"'s, and 7r~'s, with in the 
range 0.24-0.30 GeV/c, by 7r~'s on lead nuclei, for different tt" beam momenta, as a function of the 
charge-signed polar angle 9 of the secondaries; the shown errors are total errors. 
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Fig. 7: Inclusive cross-sections of the production of secondary tt^'s and 7r~'s, integrated over the mo- 
mentum range 0.2 < p < 1.0 GeV/c and the polar-angle range 30° < 9 < 90°, from the interactions on 
lead nuclei of protons (top row), tt+'s (middle row), and 7r~'s (bottom row), as a function of the beam 
momentum; the shown errors are total errors and mostly smaller than the symbol size. 
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7 Deuteron production 

Besides pions and protons, also deuterons are produced in sizeable quantities on lead nuclei. 
Up to momenta of about 1 GeV/c, deuterons are easily separated from protons by dE/dx. 

Table [T] gives the deuteron-to-proton production ratio as a function of the momentum at the 
vertex, for 8 GeV/c beam protons, tt+'s, and 7r"'s'^). Cross-section ratios are not given if the 
data are scarce and the statistical error becomes comparable with the ratio itself — which is the 
case for deuterons at the high-momentum end of the spectrum. 

The measured deuteron-to-proton production ratios are illustrated in Fig. [8| and compared 
with the predictions of Geant4's FRITIOF model. FRITIOF's predictions are shown for beam 
TT+'s^^. FRITIOF largely underestimates deuteron production. 



0.8 



0.6 



0.4 



0.2 



20° < 6 < 30° 





1 1.2 0.6 0.8 1 1.2 

Momentum at vertex (GeV/c) 



Fig. 8: Deuteron-to-proton production ratios for 8 GeV/c beam particles on lead nuclei, as a function 
of the momentum at the vertex, for four polar-angle regions; open squares denote beam protons, open 
circles beam vr+'s, and full circles beam vr^'s; the full lines denotes predictions of Geant4's FRITIOF 
model for 7r+ beam particles. 



''^We observe no appreciable dependence of the deuteron-to-proton production ratio on beam momentum. 
^^There is virtually no difference between its predictions for incoming protons, 7r"'"'s and 7r~'s. 
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Table 1 : Ratio of deuterons to protons produced by beam protons, vr^ 's and vr 's of 8 GeV/c momentum, 
as a function of the particle momentum p [GeV/c] at the vertex, for differents bins of polar angle 6. 
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8 Comparison of charged-pion production on beryllium, copper, tanta- 
lum, AND LEAD 

Figure |9] presents a comparison between the inclusive cross-sections of 7r+ and tt^ production, 
integrated over the secondaries' momentum range 0.2 < p < 1.0 GeV/c and polar-angle range 
30° < 9 < 90°, in the interactions of protons, 7r+ and tt^, with beryllium (A = 9.01), copper 
(A = 63.55), tantalum (A = 181.0), and lead (A = 207.2) nuclei^^. The comparison employs 
the scaling variable A^^^ where A is the atomic number of the respective nucleus. We note the 
approximately linear dependence on this scaling variable. At low beam momentum, the slope 
exhibits a strong dependence on beam particle type, which tends to disappear with higher beam 
momentum. 

Figure 10 compares the 'forward multiplicity' of secondary tt+'s and tt^'s in the interaction 



of protons and pions with beryllium, copper, tantalum, and lead target nuclei. The forward 
multiplicities are averaged over the momentum range 0.2 < p < 1.0 GeV/c and the polar- 
angle range 30° < 9 < 90°. They have been obtained by dividing the measured inclusive 
cross-section by the total cross-section inferred from the nuclear interaction lengths and pion 
interaction lengths, respectively, as published by the Particle Data Group [11] and reproduced in 
Table |2] The errors of the forward multiplicities are dominated by a 3% systematic uncertainty. 



Table 2: Nuclear and pion interactions lengths used for the calculation of pion forward multiplicities. 



Nucleus 


Ar„T' [g cm-3] 


[g 


Beryllium 


77.8 


109.9 


Copper 


137.3 


165.9 


Tantalum 


191.0 


217.7 


Lead 


199.6 


226.2 



The forward multiplicities display a 'leading particle effect' that mirrors the incoming beam 
particle. It is also interesting that the forward multiplicity decreases with the nuclear mass at 
low beam momentum but increases at high beam momentum. We interpret this as the effect 
of the nuclear medium on secondary pions from the primary interaction of the incoming beam 
particle. At low beam momentum, the secondary pions have low momentum and tend to fall 
below the 0.2 GeV/c threshold imposed in our analysis if there is more nuclear medium to 
be traversed before escape. At high beam momentum, the secondary pions have high enough 
momentum such that tertiary pions from the re-interaction of secondary pions in the nuclear 
medium tend to pass the 0.2 GeV/c threshold. 



Figure 1 1 shows the increase of the inclusive cross-sections of tt+'s and tt^'s production by 
incoming protons of 8.0 GeV/c (in the case of beryllium target nuclei: -1-8.9 GeV/c) from the 
light beryllium nucleus to the heavy lead nucleus, for pions in the polar angle range 20° < 9 < 
30°. It is interesting to note that tt^ production is slightly favoured on heavy nuclei, while 7r+ 
production is slightly favoured on light nuclei. 



^^The beryllium data with +8.9 GeV/c beam momentum [2, 3] have been scaled, by interpolation, to a beam 
momentum of +8.0 GeV/c. 
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Fig. 9: Inclusive cross-sections of tt"*" and tt" production by protons (open squares), tt+'s (open circles), 
and 7r~'s (black circles), as a function of A^/^ for, from left to right, beryllium, copper, tantalum, and 
lead nuclei; the cross-sections are integrated over the momentum range 0.2 < p < 1.0 GeV/c and the 
polar-angle range 30° < 9 < 90°; the shown errors are total errors and often smaller than the symbol 
size. 
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Fig. 10: Forward multiplicity of 7r"'"'s and 7r~'s produced by protons (open squares), 7r"'"'s (open circles), 
and 7r~'s (black circles), as a function of A^/^ for, from left to right, beryllium, copper, tantalum, and lead 
nuclei; the forward multipUcity refers to the momentum range 0.2 < p < 1.0 GeV/c and the polar-angle 
range 30° < 9 < 90° of secondary pions. 
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Fig. 11: Comparison of inclusive pion production cross-sections in the forward region between beryl- 
lium, copper, tantalum, and lead target nuclei, as a function of the pion momentum. 
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9 Comparison of our results with results from the HARP Collabora- 
tion 

Figure 12 shows the comparison of our cross-sections of tt^ production by protons, tt+'s and 
TT 's of 8.0 GeV/c momentum, off lead nuclei, with the ones published by the HARP Collabo- 
ration [12, 13], in the polar-angle range 20° < 9 < 30°. The latter cross-sections are plotted as 
published, while we expressed our cross-sections in the unit used by the HARP Collaboration. 
The errors shown are the published total errors. 

Figure 13 shows the same comparison for beam particles of 3.0 GeV/c momentum. 

The discrepancy between our results and those published by the HARP Collaboration is 
evident. We note the difference especially of the 7r+ cross-section, and the difference in the 
reported momentum range. The discrepancy is even more serious as the same data set has been 
analysed by both groups. 

We hold that the discrepancy is caused by problems in the HARP Collaboration's data anal- 
ysis. They result primarily, but not exclusively, from a lack of understanding TPC track dis- 
tortions and RPC timing signals. These problems, together with others that affect the HARP 
Collaboration's data analysis, are discussed in detail in Refs [14-16] and summarized in the 
Appendix of Ref. [2]. 
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Fig. 12: Comparison of HARP-CDP cross-sections (full circles) of tt^ production by protons, tt+'s 
and 7r~'s of 8.0 GeV/c momentum, off lead nuclei, with the cross-sections published by the HARP 
Collaboration (open circles). 
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Fig. 13: Comparison of HARP-CDP cross-sections (full circles) of tt production by protons, tt+'s 
and 7r~'s of 3.0 GeV/c momentum, off lead nuclei, with the cross-sections published by the HARP 
Collaboration (open circles). 
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10 Summary 

From the analysis of data from the HARP large-angle spectrometer (polar angle 9 in the range 
20° < 9 < 125°), double-differential cross-sections d^cr/dpdn of the production of secondary 
protons, 7r+'s, and tt 's, and of deuterons, have been obtained. The incoming beam particles 
were protons and pions with momenta from ±3 to ±15 GeV/c, impinging on a 5% Aint thick 
stationary lead target. 

Our cross-sections for 7r+ and tt^ production disagree with results of the HARP Collabora- 
tion that were obtained from the same raw data. When designing the proton driver of a neutrino 
factory with the HARP Collaboration's cross-sections, the neutrino flux will be different by a 
factor of up to two compared with a design based on HARP-CDP cross-sections. 
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Appendix A: Cross-section Tables 

Table A.1: Double-differential inclusive cross-section d'^a/dpdCl [mb/(GeV/c sr)] of the production of 
protons inp + Pb— >^p + X interactions with +3.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; px in GeV/c, polar angle 6 in degrees. 
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Table A.2: Double-differential inclusive cross-section d^a/dpd^ [mb/(GeV/c sr)] of the production of 
tt'^'s in p -I- Pb — >^ tt"*" -I- X interactions with -1-3.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 6 in degrees. 
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Table A.3: Double-differential inclusive cross-section d^cr/dpdrj [mb/(GeV/c sr)] of the production of 
7r~ 's in p -I- Pb ^ vr" -I- X interactions with +3.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 9 in degrees. 
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Table A.4: Double-differential inclusive cross-section d^cr/dpdO [mb/(GeV/c sr)] of the production of 
protons in tt"*" + Pb — >^ p + X interactions with +3.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 6 in degrees. 
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Table A.5: Double-differential inclusive cross-section d'^a/dpdCl [mb/(GeV/c sr)] of the production of 
TT+'s in 7r+ + Pb — s- Tr"*" + X interactions with +3.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 9 in degrees. 
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Table A.6: Double-differential inclusive cross-section d^cr/dpdfi [mb/(GeV/c sr)] of the production of 
TT^'s in 7r+ + Pb — >^ 7r~ + X interactions with +3.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 9 in degrees. 
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Table A.7: Double-differential inclusive cross-section d'^a/dpdfl [mb/(GeV/c sr)] of the production of 
protons in 7r~ -I- Pb ^ p -I- X interactions with —3.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle in degrees. 
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Table A.8: Double-differential inclusive cross-section d^cr/dpdfi [mb/(GeV/c sr)] of the production of 
TT+'s in 7r~ + Pb — >^ 7r+ + X interactions with —3.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 9 in degrees. 
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Table A.9: Double-differential inclusive cross-section d'^a/dpdCl [mb/(GeV/c sr)] of the production of 
TT^'s in 7r~ + Pb — s- 7r~ + X interactions with —3.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 9 in degrees. 
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Table A. 10: Double-differential inclusive cross-section d^a/dpdrj [mb/(GeV/c sr)] of the production of 
protons in p -I- Pb p -H X interactions with +5.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 9 in degrees. 
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Table A.1 1: Double-differential inclusive cross-section d^cr/dpdri [mb/(GeV/c sr)] of the production of 
TT+'s in p + Pb — >^ TT"*" + X interactions with +5.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 9 in degrees. 
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Table A. 12: Double-differential inclusive cross-section d^cr/dpdfi [mb/(GeV/c sr)] of the production of 
TT^'s in p + Pb — >^ 7r~ + X interactions with +5.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 9 in degrees. 
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Table A. 13: Double-differential inclusive cross-section d^fj/dpdO [mb/(GeV/c sr)] of the production of 
protons in Tr"*" -I- Pb ^ p -I- X interactions with +5.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle in degrees. 
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Table A. 14: Double-differential inclusive cross-section d^cr/dpdO [mb/(GeV/c sr)] of the production of 
TT+'s in 7r+ + Pb — >^ 7r+ + X interactions with +5.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 9 in degrees. 
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Table A.15: Double-differential inclusive cross-section d^cr/dpdri [mb/(GeV/c sr)] of the production of 
TT^'s in 7r+ + Pb — s- 7r~ + X interactions with +5.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 9 in degrees. 
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Table A.16: Double-differential inclusive cross-section d^a/dpdQ [mb/(GeV/c sr)] of the production of 
protons in7r~-i-Pb^p-i-X interactions with —5.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle in degrees. 
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Table A.17: Double-differential inclusive cross-section d^cr/dpdri [mb/(GeV/c sr)] of the production of 
TT+'s in 7r~ + Pb — s- Tr"*" + X interactions with —5.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 9 in degrees. 
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Table A.18: Double-differential inclusive cross-section d^cr/dpdO [mb/(GeV/c sr)] of the production of 
7r~"'s in 7r~ + Pb — >^ 7r~ + X interactions with —5.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 9 in degrees. 
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Table A. 19: Double-differential inclusive cross-section d^cr/dpdJl [mb/(GeV/c sr)] of the production of 
protons in p -H Pb — > p -I- X interactions with +8.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 9 in degrees. 
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Table A.20: Double-differential inclusive cross-section d^cr/dpdfi [mb/(GeV/c sr)] of the production of 
TT+'s in p + Pb — >^ 7r+ + X interactions with +8.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 9 in degrees. 
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± 
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± 
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0.179 
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± 
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3.38 


0.50-0.60 


0.545 


66.8 
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2.26 




3.82 


0.543 


81.9 
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1.76 




2.76 


0.60-0.72 


0.652 


66.8 


34.57 


± 


1.43 




2.72 
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81.5 


20.93 




1.15 


± 


1.96 


0.72-0.90 


0.792 


66.2 


14.45 


± 


0.69 


± 


1.57 


0.790 
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± 


0.43 


± 
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± 
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± 


0.53 
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0.388 


114.2 
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0.59 


± 


0.82 


0.60-0.72 
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± 
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± 
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0.51 


± 
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± 
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0.26 


± 
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0.07 
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0.05 


± 


0.02 


± 
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Table A.21: Double-differential inclusive cross-section d^cr/dpdri [mb/(GeV/c sr)] of the production of 
TT^'s in p + Pb — >^ 7r~ + X interactions with +8.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 9 in degrees. 
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± 
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3.58 
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81.8 


33.30 




1.59 


± 


2.52 
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29.45 


± 


1.35 




2.36 
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81.3 
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0.87 


± 


1.24 
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± 
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± 
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0.799 
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4.14 
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0.06 
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Table A.22: Double-differential inclusive cross-section d^a/dpdO [mb/(GeV/c sr)] of the production of 
protons in 7r+ -I- Pb — >^ p -I- X interactions with -1-8.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 6 in degrees. 
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Table A.23: Double-differential inclusive cross-section d^cr/dpdri [mb/(GeV/c sr)] of the production of 
TT+'s in 7r+ + Pb — s- Tr"*" + X interactions with +8.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 9 in degrees. 











) < 30 










30 < 6» 


< 40 








PT 


{Pt} 








a 1 dpdn 




(Pt> 




d^a/dpdfl 


0.10-0.13 


0.115 


25.2 


598.56 


± 


25.87 


± 


45.31 


0.115 


35.0 


518.85 


± 


22.91 




38.11 


0.13-0.16 


0.145 


24.8 


594.54 


± 


23.02 


± 


34.88 


0.146 


34.9 


532.85 


± 


21.36 


± 


31.16 


0.16-0.20 


0.180 


24.8 


667.67 


± 


20.74 


± 


35.42 


0.179 


34.9 


599.39 




19.19 


± 


30.36 


0.20-0.24 


0.220 


24.9 


719.83 


± 


21.23 


± 


34.53 


0.219 


34.8 


565.75 


± 


18.64 


± 


25.69 


0.24-0.30 


0.269 


24.9 


721.86 


± 


17.28 


± 


30.58 




34.7 


599.22 


± 


15.73 


± 


24.62 


30-0 36 


0.328 


24.8 


616.66 


± 


15.76 


± 


23.87 


0.328 


34.9 


500.34 


± 


I AM 


± 


19.40 


0.36-0.42 


0.388 


24.8 


534.41 




14.56 


± 


20.70 


0.387 


34.7 


416.76 


± 


13.02 


± 


15.55 


0.42-0.50 


0.456 


24.7 


403.06 


± 


10.60 


± 


17.07 


0.457 


34.8 


333.64 


± 


9.93 


± 


13.38 


0.50-0.60 


0.544 


24.8 


277.81 


± 


7.60 


± 


15.17 


0.545 


34.7 


218.30 


± 


6.95 




11.00 


0.60-0.72 


0.651 


24.6 


164.45 


± 


5.04 


± 


12.71 


0.652 


34.8 


131.49 


± 


4.67 




9.21 


0.72-0.90 
















0.794 


34.7 


60.39 


± 


2.23 


± 


6.57 








40 < f 


} < 50 










50 < 61 


< 60 








Pt 


(Pt> 








a 1 dpdf2 




(pt> 




d'^a/dpdO, 


0.10-0.13 


0.115 


45.1 


460.75 


± 


22.62 


± 


35.59 
















0.13-0.16 


0.145 


44.7 


477.40 


± 


19.98 


± 


28.03 


0.145 


55.0 


364.16 


± 


17.65 


± 


22.32 


0.16-0.20 


0.179 


44.9 


507.08 


± 


17.52 


± 


25.69 


0.180 


54.8 


419.68 


± 


15.57 


± 


21.19 


0.20-0.24 


0.219 


44.7 


487.57 


± 


17.05 


± 


22.05 


0.220 


54.9 


394.93 




15.38 


± 


17.54 


0.24-0.30 


0.270 


44.8 


470.60 


± 


13.94 


± 


19.40 


0.268 


54.6 


340.57 




11.95 




14.16 


30-0 36 


0.328 


44.7 


425.45 


± 


13.36 


± 


16.94 


0.328 


54.6 


301.91 


± 


11.31 




12.03 


0.36-0.42 


0.387 


44.7 


335.83 


± 


11.83 


± 


12.87 


0.388 


54.7 


242.16 


± 


10.05 


± 


9.59 


0.42-0.50 


0.456 


44.5 


252.26 




8.78 




10.16 


0.455 


54.8 


193.44 


± 


7.65 


± 


8.08 


0.50-0.60 


0.544 


44.8 


171.72 


± 


6.27 


± 


8.38 


0.544 


54.8 


136.96 


± 


5.82 


± 


7.12 


0.60-0.72 


0.652 


44.6 


103.48 


± 


4.26 


± 


6.69 


0.654 


54.7 


72.30 




3.60 


± 


4.89 


0.72-0.90 


0.791 


44.6 


48.46 


± 


2.16 


± 


4.64 


0.794 


54.4 


35.36 


± 


1.92 


± 


3.33 


0.90-1.25 
















1.019 


54.7 


7.75 


± 


0.50 


± 


1.24 








60 < ^ 


) < 75 










75 < 6» 


< 90 








Pt 


(Pt> 






d^ 


(T / dpdn 




(Pt> 


m 


d^a/dpdft 


0.13-0.16 


0.146 


67.1 


322.06 


± 


14.63 


± 


20.02 


0.146 


82.3 


250.30 


± 


17.20 


± 


26.05 


0.16-0.20 


0.180 


67.4 


358.58 


± 


11.93 


± 


18.1 1 


0.180 


82.1 


284.58 


± 


11.10 


± 


14.02 


0.20-0.24 


0.219 


67.2 


351.75 


± 


11.81 


± 


15.34 


0.220 


81.9 


269.96 


± 


10.54 


± 


11.39 


0.24-0.30 


0.267 


67.0 


287.26 




8.89 


± 


11.50 


0.266 


82.0 


201.76 


± 


7.66 


± 


8.95 


^0 


328 


67 1 


224 65 


± 


8.01 


± 


9 32 


328 


82 1 


148.10 


± 


6.63 


± 


6.76 


0.36-0.42 


0.388 


67.0 


169.99 


± 


6.95 


± 


7.31 


0.387 


82.3 


111.61 


± 


5.76 


± 


5.59 


0.42-0.50 


0.456 


66.9 


133.04 




5.25 




6.16 


0.457 


81.7 


74.77 




3.95 




4.11 


0.50-0.60 


0.543 


66.7 


89.43 


± 


3.81 




5.25 


0.544 


81.7 


48.87 


± 


2.82 


± 


3.43 


0.60-0.72 


0.650 


66.9 


48.86 


± 


2.46 




3.82 


0.651 


81.5 


25.50 




1.83 


± 


2.36 


0.72-0.90 


0.789 


67.0 


20.55 


± 


1.22 


± 


2.22 


0.785 


81.7 


10.63 


± 


0.86 


± 


1.37 


0.90-1.25 


1.019 


66.3 


4.13 


± 


0.29 


± 


0.75 


1.006 


81.3 


1.76 


± 


0.20 


± 


0.36 








90 < e 


< 105 










105 < e 


< 125 






Pt 


(Pt> 


(S) 




d^ 


a 1 dpdn 




(pt> 


(9) 


d'^a/dpdn 


0.13-0.16 


0.146 


98.4 


292.40 


± 


24.28 


± 


28.77 


0.144 


115.2 


228.88 


± 


10.51 


± 


12.24 


0.16-0.20 


0.179 


97.6 


272.52 


± 


11.17 


± 


13.25 


0.179 


114.3 


193.56 


± 


7.60 


± 


8.17 


0.20-0.24 


0.219 


97.4 


211.61 




9.48 


± 


8.68 


0.218 


113.7 


150.32 


± 


6.76 


± 


5.94 


0.24-0.30 


0.268 


97.5 


158.42 


± 


6.98 


± 


8.12 


0.266 


113.7 


89.38 


± 


4.37 


± 


4.01 


0.30-0.36 


0.328 


97.3 


99.92 


± 


5.54 


± 


5.48 


0.327 


114.3 


48.22 


± 


3.16 


± 


2.79 


0.36-0.42 


0.387 


96.9 


74.21 


± 


4.67 


± 


4.48 


0.387 


114.0 


35.61 


± 


2.72 


± 


2.66 


0.42-0.50 


0.454 


97.3 


47.57 




3.14 




3.45 


0.455 


113.0 


22.42 




1.85 


± 


2.15 


0.50-0.60 


0.541 


96.5 


25.88 


± 


2.06 


± 


2.48 


0.541 


113.5 


8.29 


± 


0.96 


± 


1.04 


0.60-0.72 


0.645 


97.3 


11.31 


± 


1.14 


± 


1.45 


0.650 


113.5 


2.74 


± 


0.48 


± 


0.45 


0.72-0.90 


0.801 


95.7 


4.62 


± 


0.56 




0.79 


0.785 


110.3 


0.66 


± 


0.16 


± 


0.15 


0.90-1.25 


1.021 


95.8 


0.53 


± 


0.10 




0.14 


1.074 


113.7 


0.09 


± 


0.03 


± 


0.03 



45 



Table A.24: Double-differential inclusive cross-section d^cr/dpdO [mb/(GeV/c sr)] of the production of 
TT^'s in 7r+ + Pb — >^ 7r~ + X interactions with +8.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 9 in degrees. 
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Table A.25: Double-differential inclusive cross-section d^cr/dpdil [mb/(GeV/c sr)] of the production of 
protons in 7r~ -H Pb ^ p -I- X interactions with —8.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 9 in degrees. 
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Table A.26: Double-differential inclusive cross-section d^cr/dpdO [mb/(GeV/c sr)] of the production of 
TT+'s in 7r~ + Pb — >^ 7r+ + X interactions with —8.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 9 in degrees. 
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Table A.27: Double-differential inclusive cross-section d^cr/dpdri [mb/(GeV/c sr)] of the production of 
TT^'s in 7r~ + Pb — s- 7r~ + X interactions with —8.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 9 in degrees. 
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Table A. 28: Double-differential inclusive cross-section d^a/djodil [mb/(GeV/c sr)] of the production of 
protons in p -I- Pb ^ p -H X interactions with +12.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 9 in degrees. 
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Table A.29: Double-differential inclusive cross-section d^cr/dpdfi [mb/(GeV/c sr)] of the production of 
TT+'s in p + Pb — >^ TT"*" + X interactions with +12.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 9 in degrees. 
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Table A.30: Double-differential inclusive cross-section d^cr/dpdfi [mb/(GeV/c sr)] of the production of 
7r~'s in p + Pb — >^ 7r~ + X interactions with +12.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 9 in degrees. 
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Table A.31: Double-differential inclusive cross-section d^cr/dpdf] [mb/(GeV/c sr)] of the production of 
protons in 7r+ -1- Pb ^ p -I- X interactions with +12.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 9 in degrees. 
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40.79 














0.60-0.72 


0.652 


68.3 


425.68 


± 


39.92 


± 


40.97 


0.652 


82.1 


325.97 


± 32.74 


± 


39.26 


0.72-0.90 


0.789 


67.0 


211.36 


± 


25.43 


± 


33.13 
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252.59 


± 26.99 


± 


39.90 


0.60-0.72 


0.653 


97.2 


264.14 


± 


29.64 


± 


40.23 


0.644 


112.5 


86.34 


± 16.31 


± 


21.55 


0.72-0.90 


0.785 


96.0 


66.24 


± 


14.45 


± 


14.19 


0.787 


111.8 


27.41 


± 8.27 


± 


10.36 
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Table A.32: Double-differential inclusive cross-section d^a/dpdO [mb/(GeV/c sr)] of the production of 
tt'^'s in tt"*" -I- Pb — >^ 7r+ -I- X interactions with -1-12.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 6 in degrees. 
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± 
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587.34 


± 
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35.0 
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0.16-0.20 
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25.4 
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± 


119.12 


± 
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0.179 
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± 
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± 
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± 
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± 
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69.01 


± 


18.83 
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24.3 
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55.99 


± 
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± 
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25.0 
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0.540 


34.5 
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± 
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25.0 
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± 
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0.790 


35.1 


55.40 


± 


10.85 


± 


8.91 








40 < 6 


< 50 










50 < 9 


< 60 






Pt 


(Pt) 


(S) 






(T/dpdf2 






(pt) 


(f?> 




d^ 


(T/dpdf2 






0.10-0.13 


0.114 


45.0 


657.86 


± 


137.98 


± 


68.85 
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± 
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± 
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± 
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± 
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± 
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0.20-0.24 
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45.2 
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± 
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± 
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0.220 
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± 
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± 
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0.24-0.30 
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44.7 
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± 


73.09 




26.31 
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± 


59.94 


± 


17.08 


0.30-0.36 
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44.1 
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± 
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± 


16.51 


0.328 


54.7 


335.81 


± 


58.11 


± 


13.99 


0.36-0.42 


0.389 


44.2 


351.29 


± 


60.28 


± 


14.79 


0.394 


54.1 
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± 


53.02 


± 


12.46 


0.42-0.50 


0.458 


44.9 


291.25 




46.83 


± 


14.94 


0.459 


53.9 


168.12 




35.23 


± 


9.85 


0.50-0.60 


0.540 


44.4 


185.78 


± 


32.84 


± 


13.84 


0.546 


54.8 


155.54 


± 


31.45 




12.99 


0.60-0.72 


0.662 


44.9 


100.37 


± 


20.62 




10.92 


0.654 


55.0 


66.18 


± 


17.36 


± 


7.92 


0.72-0.90 


0.794 


45.0 


34.00 


± 


8.89 


± 


5.47 


0.784 


53.9 


28.94 


± 


7.66 


± 


5.09 


0.90-1.25 
















1.046 


54.5 


6.32 


± 


2.21 


± 
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± 
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± 


58.22 


± 


15.72 


0.16-0.20 
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± 
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± 
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0.181 
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372.58 




65.39 


± 


25.78 


0.20-0.24 


0.223 


67.2 


469.05 


± 


70.56 


± 


28.83 


0.221 


81.8 


292.47 


± 


54.80 


± 


16.78 


0.24-0.30 


0.266 


67.7 


284.24 


± 


44.29 


± 


13.85 


0.270 


82.2 


256.88 


± 


42.69 


± 


12.10 


0.30-0.36 


0.334 


67.0 


247.66 


± 


42.61 


± 


11.34 


0.325 


83.1 


139.79 


± 


31.94 


± 


7.16 


0.36-0.42 


0.379 


65.0 


119.79 


± 


28.25 


± 


6.11 


0.388 


80.9 


114.57 


± 


27.78 


± 


7.31 


0.42-0.50 


0.461 


66.5 


133.42 




25.98 


± 


9.20 


0.458 


80.1 


92.14 


± 


22.04 


± 


8.28 


0.50-0.60 


0.549 


65.9 


102.91 


± 


20.31 


± 


10.42 


0.532 


82.1 


55.69 


± 


14.82 


± 


7.13 


0.60-0.72 


0.653 


67.2 


60.42 


± 


14.18 




8.72 


0.657 


81.1 


23.11 


± 


8.59 


± 


4.14 


0.72-0.90 


0.820 


67.0 


16.35 


± 


5.51 


± 


3.36 


0.814 


81.5 


1.41 


± 


0.74 


± 


0.35 


0.90-1.25 


1 .034 


67.4 


4.82 


± 


1.75 


± 


1.57 


0.985 


81.8 


1 .53 


± 


0.95 


± 


0.60 








90 < 9 
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Pt 


(Pt> 
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d^ 
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d^ 


iT/dpdf2 






0.13-0.16 


0.146 


97.1 


229.04 


± 


69.15 


± 


20.50 


0.145 


113.5 


218.05 


± 


49.72 


± 


15.55 


0.16-0.20 


0.177 


99.4 


244.44 


± 


54.19 




15.74 


0.178 


113.8 


175.50 




39.18 


± 


9.30 


0.20-0.24 


0.222 


97.9 


275.30 


± 


54.47 


± 


14.02 


0.219 


115.3 


137.57 


± 


32.74 


± 


7.20 


0.24^0.30 


0.268 


96.5 


115.07 




29.52 


± 


5.64 


0.271 


115.4 


109.61 


± 


24.70 


± 


7.53 


0.30-0.36 


0.328 


97.4 


83.09 




24.56 


± 


5.53 


0.338 


112.5 


51.45 


± 


16.56 


± 


5.10 


0.36-0.42 


0.394 


98.3 


87.06 


± 


25.13 


± 


8.39 


0.372 


111.7 


15.38 


± 


9.27 




2.11 


0.42-0.50 


0.457 


97.4 


75.70 


± 


19.51 




10.01 


0.443 


113.4 


25.76 


± 


9.51 


± 


4.76 


0.50-0.60 


0.541 


97.0 


31.17 




11.17 


± 


5.73 


0.559 


115.3 


5.22 


± 


3.43 


± 


1.27 


0.60-0.72 


0.658 


97.7 


11.25 


± 


5.46 


± 


2.84 
















0.72-0.90 


0.798 


94.3 


5.47 


± 


3.20 


± 


1.86 
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Table A.33: Double-differential inclusive cross-section d^cr/dpdrj [mb/(GeV/c sr)] of the production of 
7r~ 's in TT"*" -I- Pb ^ 7r~ -I- X interactions with +12.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 6 in degrees. 
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0.117 
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± 
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± 
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63.18 


0.13-0.16 


0.145 


24.8 


550.43 


± 


105.72 


± 


49.70 


0.145 


35.3 


756.27 


± 


131.88 


it 
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0.16-0.20 


0.181 


24.6 
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± 


124.02 


± 


78.33 


0.182 


35.6 


769.30 


± 


108.26 


± 


58.94 


0.20-0.24 


0.222 


24.9 


868.07 


± 


113.74 


± 


55.07 


0.221 


34.8 


699.85 


± 


104.11 


± 


44.57 


0.24-0.30 


0.271 


24.4 


786.44 


± 


87.69 


± 
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0.269 


35.4 
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± 


66.67 


± 


21.92 


0.30-0.36 
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24.1 
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± 


24.10 
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34.5 
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± 


20.90 


0.36-0.42 
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24.6 


529.08 


± 


72.46 


± 


22.24 
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35.5 
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± 
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0.42-0.50 


0.462 


25.1 
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± 
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± 


17.72 
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± 
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24.3 
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± 


34.73 


± 
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± 
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± 
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± 
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± 


14.71 
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± 
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± 
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± 


12.31 


± 
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0.144 


45.4 
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± 
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± 
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0.146 


55.4 
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± 
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0. 1 82 
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± 
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± 
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± 
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± 


49.07 


± 
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294.95 
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± 


13.81 


0.42-0.50 
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45.1 
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± 


39.68 


± 


12.97 


0.459 
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194.75 


± 


38.22 


± 


12.50 


0.50-0.60 


0.536 
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100.83 


± 


23.39 


± 


9.06 


0.545 


54.4 


70.05 


± 


20.23 


± 


6.59 


0.60-0.72 


0.663 


45.5 


76.73 


± 


19.23 


± 


9.98 


0.635 


54.2 


91.39 


± 


19.52 


± 


12.64 
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0.783 


43.5 


19.32 


± 
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± 


3.73 
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55.4 
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± 
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± 


3.39 
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65.9 


298.42 
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± 
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± 


68.55 


± 


24.90 
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287.12 




45.67 




13.81 


0.268 
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227.41 


± 


41.00 


± 


11.26 


0.30-0.36 


0.326 


66.3 


248.29 


± 


41.45 


± 


10.45 


0.329 


81.5 


154.23 


± 


33.80 


± 


8.89 


0.36-0.42 


0.392 


67.9 


222.67 




39.87 


± 


12.24 


0.382 
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139.01 


± 


31.33 


± 
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0.42-0.50 
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67.1 


135.76 




26.16 


± 


10.13 


0.456 


83.3 


46.16 




15.39 


± 


4.63 


0.50-0.60 


0.540 


67.2 


56.69 


± 


14.73 


± 


6.11 


0.539 


83.3 


52.84 




14.13 


± 


7.44 


0.60-0.72 
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65.6 


51.04 


± 


12.82 


± 


7.73 


0.665 


80.5 


24.76 


± 


9.36 


± 


4.79 
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65.6 


17.28 


± 


5.47 


± 
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8.77 


± 
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± 


2.37 
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± 
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96.2 
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55.22 




16.18 
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274.70 


± 
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13.46 


0.20-0.24 
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± 


16.07 
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± 
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± 
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± 
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± 


4.34 
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11.52 
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± 


2.39 
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± 
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4.99 


± 


3.53 


± 


1.92 
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Table A.34: Double-differential inclusive cross-section d^cr/djodi7 [mb/(GeV/c sr)] of the production of 
protons in 7r~ -1- Pb ^ p -H X interactions with —12.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 9 in degrees. 
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Table A.35: Double-differential inclusive cross-section d^cr/dpdfi [mb/(GeV/c sr)] of the production of 
TT+'s in 7r~ + Pb — *■ TT"*" + X interactions with — 12.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 9 in degrees. 
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Table A.36: Double-differential inclusive cross-section d^cr/dpdO [mb/(GeV/c sr)] of the production of 
7r~'s in TT" + Pb — >^ 7r~ + X interactions with — 12.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 9 in degrees. 
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Table A.37: Double-differential inclusive cross-section d^cr/dpdrj [mb/(GeV/c sr)] of the production of 
protons in p -H Pb p -I- X interactions with +15.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 9 in degrees. 
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Table A.38: Double-differential inclusive cross-section d^cr/dpdfi [mb/(GeV/c sr)] of the production of 
TT+'s in p + Pb — >^ 7r+ + X interactions with +15.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 9 in degrees. 
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Table A.39: Double-differential inclusive cross-section d^cr/dpdfi [mb/(GeV/c sr)] of the production of 
TT^'s in p + Pb — > 7r~ + X interactions with +15.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 9 in degrees. 
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Table A.40: Double-differential inclusive cross-section d^a/dpdO [mb/(GeV/c sr)] of the production of 
protons in TT"*" -I- Pb — >^ p -I- X interactions with -1-15.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 6 in degrees. 









20 < ( 


} < 30 










30 < 


< 40 








PT 


(PT> 


(9) 






a/dpdCl 






(PT> 




d^CT/dpdn 


0.24-0.30 


0.271 


25.5 


1525.54 


± 


129.60 


± 


89.00 


0.271 


34.7 


1655.83 


± 


134.14 


± 


91.03 


0.30-^.36 


0.328 


24.9 


1115.54 


± 


114.00 




67.07 


0.328 


35.5 


1529.06 


± 


127.81 


± 


79.21 


0.36-^.42 


0.391 


24.9 


712.58 


± 


91.47 


± 


45.90 


0.389 


35.5 


1 170.48 


± 


116.63 


± 


62.28 


0.42-0.50 


0.455 


25.2 


729.16 


± 


81.94 


± 


48.96 


0.461 


35.1 


852.50 


± 


87.18 


± 


50.95 


0.50-0.60 


0.548 


24.8 


381.30 


± 


52.22 




29.37 


0.546 


35.0 


494.05 




59.68 


± 


33.97 


0.60-0.72 


0.662 


24.9 


303.77 


± 


42.56 




26.98 


0.654 


34.8 


405.01 


± 


51.52 


± 


32.30 


0.72-0.90 
















0.794 


35.1 


170.08 


± 


27.92 


± 


19.09 








40 < t 


) < 50 










50 < 


< 60 








PT 


(PT> 


(9) 






a 1 dpdn 






(PT> 


(9> 


d^CT/dpdQ 


0.30-0.36 


0.330 


45.5 


1646.35 


± 


128.18 


± 


79.30 
















0.36-0.42 


0.389 


44.9 


1390.94 


± 


119.50 




65.21 


0.390 


54.8 


1473.87 


± 


118.02 


± 


69.08 


0.42-0.50 


0.460 


45.0 


839.57 


± 


S4.22 


± 


43.70 


0.458 


54.6 


1141.26 




92.13 


± 


52.98 


0.50-0.60 


0.549 


45.0 


689.65 


± 


72.26 


± 


47.48 


0.546 


54.9 


781.09 




72.22 


± 


41.98 


0.60-0.72 


0.652 


45.3 


451.92 


± 


55.27 


± 


35.45 


0.655 


55.0 


455.24 


± 


54.58 


± 


35.39 


0.72-0.90 


0.800 


45.1 


226.89 


± 


32.65 


± 


23.32 


0.801 


54.8 


273.38 


± 


35.97 


± 


28.02 


0.90-1.25 


1.031 


45.0 


69.62 


± 


12.91 


± 


9.96 






















60 < ^ 


) < 75 










75 < 6* 


< 90 








PT 


(PT> 


{0) 




d^ 


a 1 dpdn 






(PT> 


(9> 


d^(T/dpdQ 


0.50-0.60 


0.549 


67.5 


675.30 


± 


51.73 


± 


35.74 
















0.60-0.72 


0.663 


67.2 


411.73 


± 


40.07 


± 


28.43 


0.663 


82.0 


358.72 


± 


35.26 




26.50 


0.72-0.90 


0.807 


66.3 


157.96 


± 


22.17 


± 


17.49 


0.815 


81.7 


123.10 


± 


19.65 


± 


14.27 


0.90-1.25 


1.052 


66.9 


53.40 


± 


9.82 


± 


8.92 






















90 < e 


< 105 










105 < B 


< 125 






PT 


(PT> 


{9) 




d^ 


(J / dpdri 






(PT> 


(9> 


d^cr/dpdf^ 


0.50-0.60 
















0.548 


114.0 


176.37 


± 


23.33 


± 


16.59 


0.60-0.72 


0.663 


96.4 


176.07 


± 


24.66 


± 


15.46 


0.661 


113.6 


88.14 


± 


16.21 


± 


12.02 


0.72-0.90 


0.789 


96.4 


72.12 


± 


15.03 


± 


9.67 


0.822 


110.3 


22.80 


± 


7.58 


± 


4.80 
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Table A.41: Double-differential inclusive cross-section d^a/dpdO [mb/(GeV/c sr)] of the production of 
TT+'s in 7r+ -I- Pb — >^ 7r+ -I- X interactions with -1-15.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 6 in degrees. 









20 < 


< 30 












30 < e 


< 40 






PT 


(pt) 




d'-'a/dpdn 


(pt) 


{(>) 






(7 / dpdfl 






0.10-0.13 


0.116 


24.8 


689.73 


± 


145.72 


± 


60.22 


0.115 


34.6 


774.02 


± 


144.80 


± 


71.99 


0.13-0.16 


0.147 


24.8 


902.75 




150.19 


± 


62.71 


0.147 


35.0 


714.40 


± 


128.94 


± 


49.43 


0.16-0.20 


0.180 


25.1 


758.99 


± 


115.12 


± 


45.50 


0.181 


34.4 


580.93 


± 


93.17 


± 


35.03 


0.20-0.24 


0.222 


25.2 


879.52 


± 


118.81 


± 


48.90 


0.220 


34.5 


824.52 


± 


117.61 


± 


46.32 


0.24-0.30 


0.269 


24.8 


1010.44 


± 


105.63 


± 


53.76 


0.271 


34.8 


766.86 


± 


90.82 


± 


38.85 


0.30-0.36 


0.333 


24.4 


671.55 


± 


83.17 


± 


32.75 


0.328 


35.1 


572.16 


± 


78.00 


± 


28.00 


0.36-0.42 


0.394 


24.6 


732.63 




86.04 


± 


36.10 


0.391 


34.7 


504.66 




73.24 


± 


24.97 


0.42-0.50 


0.457 


24.7 


566.56 


± 


66.47 


± 


30.08 


0.458 


33.9 


328.36 


± 


50.31 


± 


17.33 


0.50-0.60 


0.541 


25.0 


300.26 




41.48 




19.33 


0.551 


35.2 


213.99 


± 


34.57 


± 


13.51 


0.60-0.72 


0.648 


24.4 


183.99 


± 


26.20 


± 


15.82 


0.656 


33.6 


132.17 


± 


23.44 


± 


10.90 


0.72-0.90 
















0.792 


34.4 


81.45 


± 


15.28 


± 


9.67 








40 <e 


< 50 












50 < 6» 


< 60 






Pt 


(Pt> 


(0) 




(Pt> 


{d) 






a/dpdQ 






0.10-0.13 


0.115 


45.6 


448.36 


± 


120.41 


± 


46.72 
















0.13-0.16 


0.146 


46.0 


604.63 


± 


110.21 


± 


42.52 


0.145 


55.2 


656.79 


± 


121.21 


± 


48.59 


0.16-0.20 


0.182 


44.4 


575.13 


± 


95.20 


± 


35.15 


0.176 


55.0 


307.57 


± 


66.17 


± 


19.05 


0.20-0.24 


0.223 


45.0 


415.03 


± 


79.29 


± 


23.21 


0.222 


54.7 


349.76 


± 


72.29 


± 


19.71 


0.24-0.30 


0.269 


44.1 


494.23 


± 


71.93 


± 


25.12 


0.274 


54.4 


362.53 


± 


61.91 


± 


18.64 


0.30-0.36 


0.329 


45.4 


474.27 


± 


72.22 


± 


23.44 


0.325 


54.6 


265.43 


± 


53.01 


± 


13.19 


0.36-0.42 


0.383 


45.0 


339.96 


± 


59.51 


± 


16.99 


0.391 


55.1 


322.10 


± 


59.52 




16.84 


0.42-0.50 


0.454 


45.0 


288.03 


± 


47.01 


± 


15.48 


0.446 


54.6 


263.04 




46.11 


± 


14.62 


0.50-0.60 


0.549 


45.6 


169.63 


± 


32.35 


± 


10.69 


0.540 


56.1 


123.08 


± 


26.91 




8.37 


0.60-0.72 


0.657 


44.1 


140.30 


± 


26.93 


± 


11.29 


0.664 


54.9 


101.46 


± 


23.00 


± 


8.45 


0.72-0.90 


0.793 


45.1 


52.63 


± 


11.20 


± 


5.92 


0.797 


54.1 


22.36 


± 


7.18 


± 


2.70 


0.90-1.25 
















1.005 


53.6 


8.32 


± 


3.02 


± 


1.52 








60 < 


< 75 












75 < 6> 


< 90 






Pt 


(Pt> 


(0) 


d-'a/dpdn 


(Pt> 


(e) 






a/dpdQ 






0.13-0.16 


0.146 


66.7 


355.23 


± 


74.33 


± 


25.72 


0.151 


83.7 


421.28 


± 


96.96 


± 


30.73 


0.16-0.20 


0.182 


66.7 


317.57 


± 


56.57 


± 


19.46 


0.183 


82.5 


345.82 




63.95 


± 


21.09 


0.20-0.24 


0.218 


67.7 


389.18 


± 


63.53 


± 


21.66 


0.222 


84.2 


258.41 


± 


52.57 


± 


14.34 


0.24-0.30 


0.268 


67.3 


344.22 


± 


49.76 


± 


17.38 


0.269 


80.6 


218.49 


± 


41.62 


± 


12.80 


0.30-0.36 


0.330 


66.4 


286.85 


± 


46.28 


± 


14.42 


0.330 


81.5 


134.09 


± 


32.49 


± 


7.69 


0.36-0.42 


0.391 


65.7 


213.59 


± 


38.69 


± 


11.12 


0.396 


82.9 


109.94 


± 


29.44 




7.02 


0.42-0.50 


0.463 


65.6 


147.47 


± 


28.19 


± 


8.68 


0.461 


81.6 


70.43 


± 


19.56 




4.96 


0.50-0.60 


0.551 


68.2 


103.65 


± 


21.68 


± 


7.52 


0.558 


80.9 


43.17 


± 


13.64 


± 


3.89 


0.60-0.72 


0.649 


65.8 


38.57 


± 


10.81 


± 


3.76 


0.678 


80.2 


21.88 


± 


8.43 


± 


2.61 


0.72-0.90 


0.809 


67.1 


21.20 


± 


6.21 




2.89 


0.851 


82.2 


5.60 


± 


3.00 


± 


0.96 


0.90-1.25 


1 .035 


65.7 


2.25 


± 


0.94 


± 


0.47 






















90 < 10." 












103 < 


^ 125 






Pt 


(Pt> 


{S) 


d^a/dpdfl 


(Pt> 


{0) 




d^ 


a 1 dpdO, 






0.13-0.16 


0.154 


98.9 


124.56 


± 


48.73 


± 


9.10 


0.145 


113.8 


317.85 


± 


65.00 


± 


22.89 


0.16-0.20 


0.182 


96.9 


277.85 


± 


55.56 


± 


16.76 


0.178 


114.8 


246.77 


± 


43.54 


± 


14.23 


0.20-0.24 


0.217 


96.5 


266.22 


± 


54.60 


± 


14.91 


0.217 


114.2 


106.68 


± 


29.60 


± 


6.16 


0.24-0.30 


0.272 


96.5 


148.91 


± 


34.41 


± 


9.26 


0.269 


112.3 


92.53 


± 


22.54 


± 


5.55 


0.30-0.36 


0.330 


97.9 


80.77 


± 


25.20 


± 


5.16 


0.338 


116.7 


70.97 




19.74 


± 


5.35 


0.36-0.42 


0.395 


95.9 


59.20 




20.07 


± 


4.49 


0.399 


114.2 


44.48 


± 


15.69 


± 


4.32 


0.42-0.50 


0.465 


97.6 


44.33 


± 


15.76 


± 


4.17 


0.433 


116.0 


18.00 


± 


8.53 


± 


2.18 


0.50-0.60 


0.553 


95.3 


33.59 


± 


11.86 




4.26 


0.560 


111.5 


9.14 


± 


4.84 


± 


1.63 


0.60-0.72 


0.678 


100.1 


10.01 


± 


5.29 


± 


1.79 
















0.72-0.90 


0.836 


96.8 


0.16 


± 


0.09 


± 


0.04 
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Table A.42: Double-differential inclusive cross-section d'^a/dpdQ, [mb/(GeV/c sr)] of the production of 
7r~ 's in TT"*" -I- Pb — s- 7r~ -H X interactions with +15.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 6 in degrees. 









20 < ^ 


) < 30 










30 < 6 


< 40 






PT 


(pt> 








(7 /dpdQ 






(pt> 






d^ 


a 1 dpdr2 






0.10-0.13 


0.116 


24.4 


969.05 


± 


172.25 


± 


92.45 


0.116 


35.3 


516.78 


± 


109.01 


± 


44.66 


0.13-0.16 


0.141 


25.5 


850.90 


± 


143.04 


± 


60.17 


0.147 


34.8 


633.59 


± 


112.81 


± 


43.88 


0.16-0.20 


0.180 


24.4 


975.29 


± 


119.15 




57.85 


0.178 


34.2 


722.34 


± 


102.45 


± 


43.58 


0.20-0.24 


0.221 


25.1 


874.27 


± 


114.93 


± 


48.08 


0.221 


34.4 


791.37 


± 


107.92 


± 


43.43 


0.24-0.30 


0.269 


25.3 


1035.96 


± 


103.36 




51.00 


0.270 


34.3 


451.35 


± 


66.11 




22.42 


0.30-0.36 


0.329 


24.8 


607.03 




77.90 


± 


28.71 


0.329 


35.6 


447.27 


± 


68.27 


± 


21.42 


0.36-0.42 


0.391 


24.9 


517.07 


± 


73.48 


± 


25.40 


0.390 


35.5 


390.33 


± 


63.05 


± 


19.30 


0.42-0.50 


0.460 


25.0 


506.60 


± 


61.32 


± 


26.60 


0.464 


34.4 


302.75 


± 


46.63 


± 


16.17 


0.50-0.60 


0.546 


24.2 


274.93 


± 


38.95 


± 


17.17 


0.542 


34.6 


165.30 


± 


32.09 


± 


10.56 


0.60-0.72 


0.658 


23.5 


139.97 


± 


25.08 


± 


10.92 


0.654 


34.6 


103.34 


± 


21.50 


± 


8.60 


0.72-0.90 
















0.787 


34.7 


50.53 


± 


12.26 


± 


5.62 








4U < t 


) < 50 










OU < b 


< 60 






PT 


{PT) 








a /dpdSl 






(pt) 






d^ 


a 1 dpdf2 






0.10-0.13 


0.114 


45.2 


636.33 


± 


127.27 


± 


54.68 
















0.13-0.16 


0.145 


44.9 


551.41 


± 


105.09 




39.03 


0.143 


54.6 


647.94 


± 


122.97 


± 


47.31 


0.16-0.20 


0. 1 80 


44.1 


547.13 


± 


85.96 




33.76 


0. 1 80 


54.9 


708.17 


± 


101.03 


± 


44.25 


0.20-0.24 


0.221 


44.3 


382.74 


± 


74.40 


± 


21.60 


0.222 


54.9 


549.64 


± 


91.50 


± 


31.42 


n 74-0 30 


0.271 


45.4 


45 1 .77 


± 


70.13 




23.52 


0.262 


54.9 


342.39 


± 


59.17 




17.44 


0.30-0.36 


0.330 


44.7 


414.52 


± 


65.54 




20.23 


0.329 


54.3 


310.78 




56.75 


± 


15.73 


0.36-0.42 


0.385 


44.7 


357.13 




61.45 


± 


18.18 


0.388 


53.5 


199.18 


± 


44.86 


± 


10.50 


0.42-0.50 


0.451 


45.7 


206.81 


± 


39.39 


± 


11.64 


0.461 


54.5 


208.42 


± 


40.22 


± 


12.19 


0.50-0.60 


0.544 


44.0 


143.07 


± 


28.64 


± 


9.78 


0.542 


54.3 


152.63 


± 


29.40 


± 


11.13 


0.60-0.72 


0.670 


43.8 


100.71 


± 


21.40 


± 


8.94 


0.653 


54.8 


46.40 


± 


14.70 


± 


4.35 


0.72-0.90 


0.797 


44.9 


35.81 


± 


10.34 


± 


4.38 


0.800 


54.7 


43.90 


± 


11.34 


± 


5.69 


0.90-1.25 
















1.037 


55.0 


9.11 


± 


3.09 


± 


2.07 








60 < d 


1 < 75 










(0 < b 


< 90 






PT 


(Pt) 






d^ 


a 1 dpdr2 






(pt) 






d^ 


cr / dpdf2 






0.13-0.16 


0.141 


67.6 


471.16 


± 


91.65 


± 


33.29 


0.151 


80.3 


169.93 


± 


65.20 


± 


22.37 


U. 1 o — u.zu 


180 


67 2 


4Sn 50 


± 


70.30 


-L 


28 77 


183 


80 5 


282 63 


± 


57.54 




18 90 


0.20-0.24 


0.220 


67.3 


290.83 


± 


54.58 


± 


15.82 


0.221 


80.8 


287.69 




55.17 


± 


16.35 


0.24-0.30 


0.265 


67.9 


275.05 


± 


44.90 


± 


14.49 


0.262 


83.6 


203.96 


± 


38.01 


lb 


10.79 


0.30-0.36 


0.329 


66.6 


231.40 


± 


40.86 


± 


11.59 


0.322 


81.3 


219.85 


± 


40.32 


± 


11.93 


0.36-0.42 


0.392 


67.7 


138.50 




32.05 




7.69 


0.391 


79.5 


35.44 




15.89 


± 


2.15 


0.42-0.50 


0.451 


67.5 


142.74 


± 


26.74 




8.56 


0.450 


81.6 


79.89 




20.26 


± 


5.73 


0.50-0.60 


0.541 


67.3 


65.53 


± 


16.40 




4.85 


0.552 


80.0 


65.33 




16.35 


± 


6.01 


0.60-0.72 


0.640 


67.4 


36.28 


± 


10.94 


± 


3.52 


0.638 


81.9 


14.05 


± 


7.03 


± 


1.69 


0.72-0.90 


0.797 


68.8 


14.96 


± 


5.66 


± 


1.94 


0.746 


83.1 


7.92 


± 


3.96 


± 


1.33 


0.90-1.25 


0.958 


68.2 


2.03 


± 


1.18 


± 


0.45 






















90 <e 


< 105 










105 < 6 


< 125 






PT 


(PT> 


(9) 




d^ 


a 1 dpdrj 






(PT> 


(9) 




d^ 


a 1 dpdf2 






0.13-0.16 


0.143 


96.9 


489.17 


± 


118.23 


± 


35.89 


0.143 


115.0 


346.47 


± 


62.53 


± 


23.81 


0.16-0.20 


0.175 


97.4 


333.66 




64.13 


± 


22.37 


0.179 


112.5 


191.71 


± 


38.75 


± 


10.82 


0.20-0.24 


0.220 


97.6 


293.32 


± 


59.28 


± 


21.27 


0.217 


113.1 


104.87 


± 


28.58 


± 


5.96 


0.24-0.30 


0.270 


97.2 


169.44 


± 


36.46 


± 


12.06 


0.263 


113.2 


80.25 


± 


20.40 


± 


4.97 


0.30-0.36 


0.330 


99.3 


58.41 


± 


20.86 


± 


4.26 


0.334 


113.6 


49.69 


± 


15.77 


± 


3.99 


0.36-0.42 


0.403 


93.6 


55.20 


± 


20.87 




4.85 


0.387 


114.3 


46.84 




15.63 


± 


4.98 


0.42-0.50 


0.442 


95.7 


43.48 


± 


15.37 


± 


4.63 


0.470 


113.4 


12.40 


± 


1X1 


± 


1.65 


0.50-0.60 


0.532 


96.0 


46.99 


± 


14.39 


± 


6.70 


0.523 


110.2 


6.15 


± 


4.35 


± 


1.09 


0.60-0.72 
















0.628 


107.4 


7.72 


± 


4.46 


± 


1.94 
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Table A.43: Double-differential inclusive cross-section d^cr/dpdf] [mb/(GeV/c sr)] of the production of 
protons in 7r~ -I- Pb ^ p -I- X interactions with —15.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 6 in degrees. 









20 < 6 


< 30 












30 <e 


< 40 








PT 


(pt> 


{9) 






/dpdQ 






(Pt> 


(^^> 


d^a/dpdn 


0.20-0.24 


0.220 


25.3 


1549.83 


± 


35.46 


± 


94.20 
















0.24-0.30 


0.270 


25.3 


1367.46 


± 


26.04 




78.55 


0.270 


34.9 


1622.62 


± 


29.68 


± 


87.73 


0.30-0.36 


0.328 


25.3 


1102.55 




24.34 




65.93 


0.329 


35.0 


1389.22 


± 


25.56 


± 


70.32 


0.36-0.42 


0.389 


25.3 


828.05 




21.45 




53.06 


0.390 


35.1 


1083.75 


± 


23.85 


± 


58.90 


0.42-0.50 


0.458 


25.3 


617.74 


± 


15.87 


± 


42.06 


0.458 


35.1 


815.77 


± 


18.39 


± 


51.49 


0.50-0.60 


0.547 


25.4 


432.61 


± 


12.17 


± 


34.50 


0.547 


35.1 


575.35 


± 


14.09 


± 


39.72 


0.60-0.72 


0.657 


25.4 


259.12 


± 


8.39 


± 


22.87 


0.655 


35.0 


360.20 


± 


10.27 


± 


30.08 


0.72-0.90 
















0.799 


35.0 


181.35 


± 


6.01 


± 


19.58 








40 < 6 


< 50 












50 <e 


< 60 








PT 


(PT> 


(0> 






/dpdQ 






(PT> 


(e> 


d-' a /dpdQ 


0.30-0.36 


0.327 


45.0 


1499.32 


± 


26.10 




70.30 
















0.36-0.42 


0.386 


45.1 


1212.11 


± 


23.52 


± 


55.12 


0.386 


55.1 


1289.80 


± 


23.57 


± 


59.54 


0.42-0.50 


0.454 


45.1 


946.30 


± 


18.92 




47.74 


0.454 


55.0 


1065.54 


± 


19.06 


± 


48.52 


0.50-0.60 


0.541 


45.1 


653.88 


± 


14.87 




43.13 


0.541 


55.1 


694.52 


± 


14.60 


± 


38.36 


0.60-0.72 


0.647 


45.1 


433.70 


± 


1 1 .55 


± 


35.15 


0.647 


54.9 


426.53 


± 


1 1.19 


± 


33.34 


0.72-0.90 


{)ja5 


4.^.1 


204.98 


± 


6.62 


± 


2 1 .98 


0.787 


.^.^i. 1 


2I().1X 


± 


6.92 


± 


23.15 














60 < 6 


< 75 












75 < 61 


< 90 








Pt 


(Pt> 


{9) 






/dpdQ 






(Pt> 


{9) 


d^a/dpdfl 


0.50-0.60 


0.545 


67.5 


661.72 


± 


10.80 


± 


34.75 
















0.60-0.72 


0.655 


67.2 


398.42 


± 


8.43 


± 


28.29 


0.652 


81.9 


331.81 


± 


7.23 


± 


24.28 


0.72-0.90 


0.799 


67.1 


167.31 


± 


4.99 


± 


20.30 


0.794 


81.7 


115.34 


± 


4.05 


± 


14.19 








90 <0 


< 105 










105 < 9 


< 125 






PT 


{pt) 


(d) 






/dpdQ 






{PT> 


(0) 


d'^a/dpdfl 


0.50-0.60 
















0.543 


112.9 


199.14 


± 


5.08 


± 


18.81 


0.60-0.72 


0.652 


96.9 


206.83 


± 


5.65 


± 


17.95 


0.651 


113.0 


69.66 


± 


3.21 


± 


10.14 


0.72-0.90 


0.792 


96.6 


63.19 


± 


3.16 


± 


9.28 
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Table A.44: Double-differential inclusive cross-section d^cr/dpdO [mb/(GeV/c sr)] of the production of 
TT+'s in TT" + Pb — >^ 7r+ + X interactions with — 15.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pr in GeV/c, polar angle 9 in degrees. 









20 < ^ 


) < 30 










30 < 6» 


< 40 








PT 


(pt> 


m 






a 1 dpdf2 




(pt> 




d^fj/dpdQ 


0.10-0.13 


0.116 


24.8 


714.74 


± 


30.68 


± 


67.65 


0.116 


34.7 


639.69 


± 


27.45 


± 


53.66 


0.13-0.16 


0.145 


24.7 


804.42 


± 


28.49 




52.75 


0.145 


34.9 


676.59 


± 


25.53 




43.72 


0.16-0.20 


0.180 


24.7 


899.20 


± 


25.24 


± 


53.08 


0.180 


34.8 


674.09 


± 


21.30 


± 


38.76 


0.20-0.24 


0.220 


24.9 


938.47 


± 


25.71 


± 


50.94 


0.220 


34.8 


663.22 


± 


21.08 


± 


35.02 


0.24-0.30 


0.270 


24.7 


886.52 


± 


20.01 


± 


43.35 


0.269 


34.6 


679.40 


± 


17.78 




33.28 


30-0 36 


0.329 


24.8 


739.95 


± 


18.10 


± 


34.21 


0.329 


34.7 


589.63 


± 


16.40 


± 


27.02 


0.36-0.42 


0.389 


24.8 


606.44 


± 


16.25 


± 


27.97 


0.388 


34.8 


519.26 


± 


15.45 


± 


23.63 


0.42-0.50 


0.458 


24.6 


489.86 


± 


12.22 


± 


24.42 


0.458 


34.7 


402.90 


± 


11.47 


± 


19.25 


0.50-0.60 


0.547 


24.7 


336.59 


± 


8.84 


± 


20.48 


0.547 


34.7 


237.05 


± 


7.47 


± 


13.46 


0.60-0.72 


0.657 


24.8 


212.33 


± 


6.26 


± 


17.52 


0.655 


34.6 


147.05 


± 


5.14 


± 


10.99 


0.72-0.90 
















0.795 


34.8 


63.64 


± 


2.37 


± 


7.16 








4U < c 


) < 50 










50 < 9 


< 60 








Pt 


(Pt> 








a 1 dpdf2 




(Pt> 




d^cr/dpdn 


0.10-0.13 


0.115 


44.9 


487.80 


± 


24.21 




39.21 
















0.13-0.16 


0.144 


45.0 


499.67 


± 


21.33 


± 


32.70 


0.145 


54.9 


440.57 


± 


20.77 


± 


29.98 


0.16-0.20 


0.179 


44.9 


559.72 




19.44 


± 


32.44 


0.180 


54.7 


434.72 


± 


16.69 


± 


25.28 


0.20-0.24 


0.219 


44.9 


551.81 




19.40 


± 


29.31 


0.219 


55.0 


449.91 


± 


17.32 


± 


23.81 


0.24-0.30 


0.268 


44.7 


555.88 


± 


16.13 


± 


27.28 


0.268 


54.7 


416.72 


± 


14.01 


± 


20.49 


30-0 36 


0.327 


44.7 


458.62 


± 


14.75 


± 


21.68 


0.326 


54.8 


349.80 


± 


13.00 


± 


16.88 


0.36-0.42 


0.386 


44.7 


364.61 


± 


13.12 


± 


16.92 


0.386 


54.7 


252.21 


± 


10.84 


± 


11.99 


0.42-0.50 


0.455 


44.6 


276.97 


± 


9.58 


± 


13.31 


0.455 


55.0 


208.72 




8.47 




10.44 


0.50-0.60 


0.542 


44.9 


187.56 


± 


7.05 


± 


10.39 


0.541 


54.9 


128.17 


± 


5.74 


± 


7.46 


0.60-0.72 


0.648 


44.9 


117.91 


± 


4.71 


± 


8.29 


0.647 


54.9 


90.87 


± 


4.47 


± 


6.68 


0.72-0.90 


0.785 


44.7 


54.84 


± 


2.36 


± 


5.57 


0.783 


54.9 


34.52 


± 


1.97 


± 


3.47 


0.90-1.25 
















1.005 


54.2 


7.44 


± 


0.49 


± 


1.28 








60 < (: 


) < 75 










75 < e 


< 90 








Pt 


(pt> 






d^ 


a 1 dpdf! 




(Pt> 




d^cr/dpdQ 


0.13-0.16 


0.146 


67. i 


374.48 


± 


17.25 


± 


27.25 


0.147 


81.8 


378.86 


± 


26.28 


± 


83.00 


0.16-0.20 


0.180 


61. \ 


364.31 


± 


12.68 


± 


21.16 


0.179 


82.2 


295.55 


± 


12.35 




17.30 


0.20-0.24 


0.219 


67.0 


335.56 


± 


12.28 


± 


17.52 


0.220 


82.0 


267.14 


± 


11.41 


± 


13.98 


0.24-0.30 


0.269 


67.2 


306.71 


± 


9.93 


± 


15.00 


0.267 


82.1 


207.34 




8.40 




10.90 


30—0 3^1 


328 


66 9 


261 78 


± 


9.32 


± 


13 02 


328 


82 


149.44 


± 


7.12 




7.80 


0.36-0.42 


0.390 


66.9 


194.68 


± 


8.00 


± 


9.98 


0.388 


81.6 


105.77 


± 


5.88 


± 


5.80 


0.42-0.50 


0.460 


66.9 


127.66 




5.40 




6.81 


0.457 


81.8 


76.52 




4.24 




4.71 


0.50-0.60 


0.549 


66.5 


96.11 




4.17 




6.23 


0.546 


81.2 


49.14 


± 


2.96 


± 


3.75 


0.60-0.72 


0.657 


66.9 


49.94 


± 


2.62 




4.15 


0.650 


82.0 


22.39 


± 


1.73 


± 


2.20 


0.72-0.90 


0.797 


66.6 


19.24 


± 


1.19 


± 


2.21 


0.789 


80.9 


8.83 


± 


0.84 


± 


1.17 


0.90-1.25 


1.031 


65.8 


4.17 


± 


0.32 


± 


0.76 


1.039 


81.7 


1.48 


± 


0.17 


± 


0.33 








90 < 6» 


< 105 










105 < e 


< 125 






Pt 


(pt) 


{d) 




d^ 


a 1 dpdf! 




(Pt> 






0.13-0.16 


0.146 


97.9 


270.35 


± 


29.34 




21.42 


0.145 


114.3 


262.96 




13.24 




18.58 


0.16-0.20 


0.181 


97.4 


286.62 


± 


12.48 




16.77 


0.180 


114.1 


202.68 




8.87 




10.44 


0.20-0.24 


0.220 


97.3 


238.96 


± 


11.02 


± 


12.50 


0.219 


114.1 


118.03 


± 


6.51 




5.92 


0.24-0.30 


0.267 


97.2 


167.30 


± 


1.11 


± 


9.55 


0.267 


113.9 


83.93 


± 


4.58 


± 


4.60 


0.30-0.36 


0.328 


96.8 


94.04 


± 


5.71 


± 


5.55 


0.326 


114.3 


52.01 


± 


3.56 


± 


3.49 


0.36-0.42 


0.389 


96.5 


73.98 


± 


4.99 


± 


5.01 


0.388 


114.6 


28.25 


± 


2.49 


± 


2.33 


0.42-0.50 


0.457 


96.9 


47.78 


± 


3.35 


± 


3.79 


0.456 


112.8 


19.33 




1.79 




1.98 


0.50-0.60 


0.546 


96.6 


26.35 


± 


2.23 


± 


2.69 


0.549 


112.7 


7.95 


± 


1.01 


± 


1.05 


0.60-0.72 


0.650 


96.4 


12.90 


± 


1.31 


± 


1.72 


0.650 


110.9 


3.49 


± 


0.54 


± 


0.62 


0.72-0.90 


0.790 


95.7 


4.33 


± 


0.58 




0.76 


0.775 


112.7 


0.68 


± 


0.17 


± 


0.16 


0.90-1.25 


1.015 


95.6 


0.83 


± 


0.14 




0.23 


1.054 


112.0 


0.08 


± 


0.03 


± 


0.03 
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Table A.45: Double-differential inclusive cross-section d^cr/dpdfi [mb/(GeV/c sr)] of the production of 
TT^'s in 7r~ +Pb — *■ 7r~ + X interactions with —15.0 GeV/c beam momentum; the first error is statistical, 
the second systematic; pt in GeV/c, polar angle 9 in degrees. 









20 < e 


< 30 












30 < e 


< 40 








PT 


(Pt) 


C) 


(Pa/dpdn 


(Pt) 


(t^) 


d^a/dpdn 


0.10-0.13 


0.116 


24.7 


963.48 


± 


35.28 


± 


83.62 


0.116 


34.7 


781.41 


± 


30.88 




64.52 


0.13-0.16 


0.145 


24.8 


1038.63 


± 


32.96 


± 


68.89 


0.145 


34.9 


865.02 




29.17 


± 


56.73 


0.16-0.20 


0.180 


24.8 


1141.21 


± 


29.10 


± 


66.91 


0.180 


34.8 


869.33 




24.86 


± 


50.50 


0.20-0.24 


0.219 


24.9 


1113.02 


± 


28.27 


± 


59.00 


0.220 


34.9 


878.08 




25.19 


± 


46.46 


0.24-0.30 


0.269 


24.8 


1079.12 


± 


22.60 


± 


51.80 


0.269 


34.8 


779.18 




19.30 


± 


37.60 


0.30-0.36 


0.329 


24.8 


873.00 


± 


20.26 


± 


39.66 


0.329 


34.8 


674.74 


± 


17.84 


± 


30.55 


0.36-0.42 


0.389 


24.8 


740.12 


± 


18.68 


± 


33.75 


0.389 


34.6 


559.03 




16.25 


± 


25.45 


0.42-0.50 


0.458 


25.0 


529.15 


± 


13.63 


± 


26.11 


0.457 


34.9 


415.38 


± 


12.07 


± 


20.29 


0.50-0.60 


0.546 


24.7 


351.43 


± 


9.71 


± 


20.51 


0.545 


34.8 


281.30 


± 


8.91 


± 


16.12 


0.60-0.72 


0.653 


24.8 


234.58 


± 


7.52 


± 


17.29 


0.651 


34.8 


141.60 


± 


5.38 


± 


10.50 


0.72-0.90 
















0.801 


34.7 


76.80 


± 


3.43 


± 


7.25 








40 < 6 


< 50 












50 <0 


< 60 








Pt 


(Pt) 


(^) 


d'-'a/dpdn 


(Pt) 


/Q\ 


d^(T/dpdQ 


0.10-0.13 


0.1 16 


45.0 


706.28 


± 


29.99 


± 


58.10 
















0.13-0.16 


0.145 


44.8 


688.97 


± 


25.39 


± 


45.76 


0.145 


55.1 


610.62 


± 


24.36 


± 


41.74 


0.16-0.20 


0.181 


44.8 


687.43 


± 


21.63 


± 


40.19 


0.181 


54.9 


621.09 




21.09 


± 


36.31 


0.20-0.24 


0.221 


44.9 


674.72 


± 


21.95 


± 


35.97 


0.221 


54.9 


535.87 


± 


19.36 


± 


28.28 


0.24-0.30 


0.27 1 


44.7 


625.20 


± 


17.41 


± 


30.71 


0.270 


55.0 


506.10 




15.83 


± 


25.52 


0.30-0.36 


0.333 


44.7 


486.68 


± 


15.27 


± 


22.43 


0.331 


54.8 


396.96 


± 


14.09 


± 


19.29 


0.36-0.42 


0.392 


44.8 


426.47 


± 


14.31 


± 


19.81 


0.391 


54.7 


298.41 




12.10 




14.43 


0.42-0.50 


0.462 


44.9 


320.91 


± 


10.66 


± 


16.10 


0.461 


54.8 


218.24 




8.75 




11.26 


0.50-0.60 


0.553 


44.7 


199.30 


± 


7.40 


± 


11.88 


0.550 


54.7 


143.07 


± 


6.29 


± 


8.79 


0.60-0.72 


0.663 


44.9 


116.59 


± 


5.16 


± 


8.75 


0.663 


54.7 


84.89 




4.43 


± 


6.56 


0.72-0.90 


0.808 


44.8 


52.38 


± 


2.67 


± 


5.33 


0.802 


54.6 


34.31 


± 


2.14 


± 


3.60 


0.90-1.25 
















1.047 


54.7 


8.13 


± 


0.65 


± 


1.34 








60 < e 


< 75 












75 < 9 


< 90 








Pt 


(Pt) 




d^a/dpdn 


(Pt) 


(^) 


d^a/dpdn 


0. 1 3-0. 1 6 


0.145 


67.3 


519.33 


± 


20.28 


± 


34.55 


0.147 


81.6 


446.25 


± 


24.42 


± 


53.76 


0.16-0.20 


0.179 


67.0 


508.76 


± 


15.39 


± 


28.67 


0.179 


82.1 


386.03 


± 


14.41 


± 


22.13 


0.20-0.24 


0.219 


67.3 


419.76 


± 


14.11 


± 


21.36 


0.220 


81.8 


337.48 


± 


13.07 


± 


17.41 


0.24-0.30 


0.268 


67.1 


359.80 


± 


10.96 


± 


17.90 


0.268 


81.7 


250.22 


± 


9.44 


± 


13.69 


0.30-0.36 


0.329 


66.9 


286.95 


± 


9.88 


± 


14.38 


0.328 


81.5 


183.00 


± 


8.05 


± 


10.08 


0.36-0.42 


0.389 


67.0 


206.41 


± 


8.36 


± 


10.72 


0.390 


81.9 


127.20 


± 


6.59 


± 


7.27 


0.42-0.50 


0.457 


66.4 


162.50 




6.21 


± 


8.93 


0.457 


81.8 


93.68 




4.81 




6.08 


0.50-0.60 


0.548 


66.8 


107.94 


± 


4.51 


± 


7.22 


0.544 


82.1 


55.17 




3.19 


± 


4.46 


0.60-0.72 


0.653 


67.2 


55.63 


± 


2.90 


± 


4.72 


0.650 


81.4 


27.79 




2.03 


± 


2.89 


0.72-0.90 


0.800 


67.2 


22.49 


± 


1.43 


± 


2.56 


0.794 


80.8 


7.46 


± 


0.82 


± 


1.04 


0.90-1.25 


1.027 


66.3 


4.33 


± 


0.41 


± 


0.74 


1.014 


81.1 


1.56 


± 


0.23 


± 


0.33 








90 <0 


< 105 










105 < e 


< 125 






Pt 


(Pt) 


{9) 


d'-'a/dpdn 


(pt) 


{d) 


d'-'a/dpdn 


0.13-0.16 


0.146 


97.4 


371.19 


± 


22.13 




28.30 


0.144 


113.1 


453.44 


± 


85.41 


± 


28.11 


0.16-0.20 


0.179 


97.6 


364.25 


± 


14.66 


± 


22.41 


0.178 


113.6 


235.18 




9.31 


± 


11.90 


0.20-0.24 


0.219 


97.1 


290.32 


± 


12.37 




15.47 


0.218 


113.7 


162.79 


± 


7.83 


± 


8.20 


0.24-0.30 


0.267 


96.8 


196.99 


± 


8.53 


± 


11.36 


0.267 


113.6 


94.69 


± 


4.91 


± 


5.42 


0.30-0.36 


0.329 


96.9 


128.58 


± 


6.91 


± 


8.44 


0.329 


113.5 


56.69 


± 


3.71 


± 


4.06 


0.36-0.42 


0.389 


96.6 


77.92 


± 


5.20 


± 


5.49 


0.387 


113.2 


35.18 


± 


2.92 


± 


3.18 


0.42-0.50 


0.458 


96.8 


51.83 




3.52 


± 


4.40 


0.456 


113.5 


20.48 




1.88 


± 


2.32 


0.50-0.60 


0.538 


96.6 


29.22 


± 


2.35 


± 


3.21 


0.547 


111.4 


10.06 


± 


1.16 


± 


1.47 


0.60-0.72 


0.652 


96.4 


14.53 


± 


1.50 


± 


2.08 


0.640 


111.1 


2.74 


± 


0.53 


± 


0.53 


0.72-0.90 


0.783 


95.1 


3.49 


± 


0.54 


± 


0.68 


0.792 


113.0 


0.58 


± 


0.18 


± 


0.15 


0.90-1.25 


1.026 


95.8 


0.36 


± 


0.10 


± 


0.11 


1.020 


108.5 


0.06 


± 


0.03 


± 


0.03 
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